Abstract. A comprehensive theoretical analysis of direct Cerenkov excitation of the Earth ionosphere waveguide using ionospheric heating is presented. The model relies on transient ionospheric heating with a heater spot moving horizontally at the bottom of the waveguide with speed close to the speed of light. The cases of isotropic ionospheric conductivity, corresponding to heating altitudes below 70 km, and of anisotropic conductivity, corresponding to higher heating altitudes, are examined separately. It is found that enhanced radiation coupling requires that the speed of the heater approaches the speed of light. For the anisotropic case, such enhancement occurs independently of the direction of motion, while for the isotropic case, motion parallel to the ambient electric field is required.
M = EaAXA exp (itoot)
( 1) where E a is the ambient electric field, AX the value of the modified conductance, A the area of the loop, and 6o o the frequency of the HF amplitude modulation. The power radiated by the oscillatory moment M couples to the waveguide formed by the conducting ground and the ionosphere and propagates over very large distances with small attenuation [Kotik et al., 1978; Papadopoulos et al., 1990a] . It should be noted here that a current loop with magnetic moment in the opposite direction forms in the downward direction. However, the area of the loop is much smaller thanA because of the larger collision frequency at the lower height, and its effect on the radiation can be neglected [Papadopoulos et al., 1990b [Papadopoulos et al., , 1994a . The objective of this paper is to present a comprehensive analytical model of an alternative concept leading to injection of low-frequency power in the Earth ionosphere waveguide (EIW) using controlled ionospheric heating. The concept is based on direct excitation of the waveguide by moving the ionospheric heater in the horizontal direction with a speed that matches the phase velocity of the desired waveguide rqode. Its mathematical description follows the well-known Cerenkov emission [Landau and Livshitz, 1960] , which occurs when a charge moves in a medium with speed exceeding the phase speed of the waves the medium supports. The wave emission is due to the polarization electric field induced in the We present below a comprehensive theoretical analysis of Cerenkov excitation of the EIW by a moving ionospheric source. Emphasis is placed on the elucidation of the regimes of operation, the requirements for the validity of the theory, and the expected observables. The aim of the study is to provide guidelines for the conduct of proof of principle experiments. This is particularly opportune since the availability of the plasma HF Active Auroral Research Program (HAARP) heater at the end of 1996, will provide an excellent facility for the conduct of such experiments . The paper is organized as follows. Section 2 presents a brief review of the fundamentals of HF heating of the lower ionosphere as a function of the heater parameters and the local ionospheric properties. The form of the polarization current generated by a moving heater is also described. Section 3 presents an analysis of the low-frequency power coupled in the EIW by the moving polarization current. The EIW is modeled by a simple two-layer model with a sharp boundary between the vacuum and the plasma. The heating is assumed to occur at the boundary. Two cases are examined separately. In the first the layer boundary is taken below 70 km, where •e << 12e, resulting in isotropic conductivity. In the second the layer boundary is taken above 70 km, where •e >> 12e, resulting in anisotropic conductivity. Section 4 examines the region of validity of the theory and its impact on the design of experiments. The last section summarizes the results and discusses some practical applications of the concept. where Ep is the plasma field defined by [Gurevich, 1978] Ep --2
Ionospheric Heating Considerations
From (6) it follows that 12 e reaches a stationary value 
The main difference from the previous case is that E z does not depend on/3. As a result, the field enhancement for v --> c is absent. This implies that for 
Cerenkov Radiation in Anisotropic Media
The anisotropy of the medium due to the external magnetic field makes the problem of ELF generation more complicated. For anisotropic media it is necessary to take into account the interaction of the waves with different polarization. In this case the external electric field E a generates currents both in the direc- 
Concluding Remarks
We presented above an analysis of the excitation of the EIW by using an ionospheric heating source moving at the bottom of the waveguide with speed close to the speed of light. It should be noted that contrary to the amplitude modulation in which a monochromatic wave at the modulated frequency is generated the Ccrcnkov emission generates broadband radiation, whose dominant frequency is controlled by the transit time of the heater over its [Kotik et al., 1986] . The HAARP transmitter has a rapid scan mode of 10/as and when operating on the high-gain mode can achieve effective sweeping speeds of 3-4 times the speed of light. In practice, speeds of the order of one half the speed of light will be required for excitation of the TM 0 mode.
Second, a proper analysis of the problem requires consideration of the ionospheric density and collision frequency profile. The equations describing the waveguide modes for exponential conductivity profiles including magnetization have been discussed by Greigfinger and Greigfinger [1979] and Tripathi et al. [1982] . We are currently using these techniques to examine the role of the inhomogeneities to the Cerenkov excitation. The analysis of the present paper should be considered a good analysis of the problem for sharp ionospheric density profiles, when the height at which the conduction current equals the displacement current is to within a skin depth of the reflection height. In concluding we must emphasize that by repetitive excitation of the pulses we can synthesize harmonic or other waveforms with the desirable low-frequency characteristics.
